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Abstract: The system testing temperature profile of fluid in heat pipe bioreactor (HPBR) and heat pipe wall is set up, 
we measure and study effectively the whole HPBR’s temperature profile of Newtonian fluid. To H2O system under 
all experiment conditions, when the reaction heat is under 9.6kW/m3, the system can be stabilized above 30℃
reaction temperature state by three heat pipes whose condensing apparatus are cooled by air nature; When the 
reaction heat is up to 40kW/m3, three heat pipes can keep it above 30℃ reaction temperature state whose condensing 
apparatus are cooled by water. 
2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
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1.  Introduction 
The traditional biological reactor has the shortcomings such as large heat exchange area, insensitive 
temperature controlling, large dosage of cooling water, and so on. The active substances cells, cells and 
enzymes in the biological response is sensitive to temperature, the reaction temperature is not high but 
need to remove large reaction heat, so the bioreactor requires high to teat transient. 
In this paper, heat pipe is a new type of highly efficient heat transfer, and energy-saving devices [1]. 
Heat pipe bioreactor a biological reaction apparatus with heat pipe as heat transfer device, with the 
advantages of high heat transfer efficiency, small cooling water consumption, uniform temperature 
distribution etc. The experiment in the different working conditions, with the steady-state method, 
analysis temperature distribution and heat transfer performance of Newtonian and non Newtonian fluid in 
heat pipe bioreactor. . 
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2. Apparatus of heat pipe bioreactor 
2.1 Test system of heat pipe bioreactor 
The experiment in Fig.1 is set up by assembly diagram of flow field in heat pipe bioreactor using PIV 
measurement .Heat pipe bioreactor (HPBR) of the experimental device is homemade. Measurement and 
analysis of flow field is by the synchronizer control laser, Charge Couple Device (CCD) camera and the 
computer; the follow-up operation is controlled by the feedback information to the synchronizer from 
computer. 
Calculation, analysis and control of PIV are based on the Windows NT Insight 3.3 software using 
PIII800 processor, which can be achieved 1000 vector / s processing speed in the inquired about area. The 
software has the function of batch processing and forms a strong post processing functions matching 
Tecplot software, including calculation and display of verification of data, flow characteristics, and 
statistical analysis the multiple vectors in the image. 
Fig.1 The research on heat transfer in heat pipe bioreactor Fig.2 Distribution of three heat pipes 
1. Condensate water inlet pipe; 2 .Condensate water outlet pipe; 3. Electric heating rod; 4 Heat pipe (three); 5 
Voltage meter; 6 Current meter; 7. Regulator; 8. Voltage regulator; 9. Power supply; 10 Kettle body supporting; 11. 
Compressed air pipe; 12. Inlet vents pipe; 13.Reactor body; 14 .Agitator kettle 
Reactor platform (heat pipes and thermocouples) 
Fig.3 The measurement of the temperature field of the thermocouple arrangement 
Reactor temperatures of every point in axial and radial are measured by using self-made copper－
constantan thermocouple measurement (see Fig.3 and table 1). Thermocouples of the first to the fourth 
points are used to measure the temperatures of heat pipe wall; Thermocouples of the fifth to the eighth 
3936  Shu Xu / Procedia Engineering 29 (2012) 3934 – 3938
 Shu Xu/ Procedia Engineering 00 (2011) 000–000 3
3
points are used to measure the temperature of the fluid boundary layer; Thermocouples of the ninth to the 
thirty-second points are used to measure the temperature of representative axial and radial points of the 
coordinates of the fluid of the reactor body. 
Table 1 Space positions of thermocouple
between heat pipe (2) and heat pipe ( 3 )  heat pipe(1)and the surroundings R(mm) 
H(mm)   
70 59 35 10 35 59 72 
206 (32)* (31) (30) (29) (12) (4) (8) (16) 
144 (28) (27) (26) (25) (11) (3) (7) (15) 
82 (24) (23) (22) (21) (10) (2) (6) (14) 
20 (20) (19) (18) (17) (9) (1) (5) (13) 
2.2 Experimental Method and Operating Condition 
2.2.1 Experimental method 
With H2O, 2%CMC solution as medium, regulate electric heating power, cooling water ( or cooling 
mode ) at heat pipe coil end, heat pipe quantity, stabilize the reaction of operation in the settled reaction 
temperature, and record the value of temperature, the current, voltage, cooling water inlet temperature, 
cooling water content and all other parameter values for process analysis, calculation. 
2.2.2 Operating conditions: 
(1) Analogy medium 
Simulation of medium respectively uses H2O representing Newtonian, and the reactor charging 
coefficient is 0.8.In general, the fermentation liquid such as bacterial or yeast has an advantage of low 
viscosity, good fluidity, heat transfer rate, with which the water fluid properties are similar. 
(2) Stirring speed 
Stirring aims to strengthen the transfer process of momentum, heat and mass of reaction system, 
filling mixing the fermentation liquid. In the process of oxygen consumption, stirring can break air 
bubbles; increase the gas-liquid contact interface, in order to improve the gas liquid mass transfer rate. 
Stirring speed affects the reaction liquid flow mixed state. In the present experiment, when the stirring 
speed is 50R / min, flow is laminar flow; when stirring speed is 200 or 400R / min,  the flow is different 
fierce degrees of turbulence ( general flow state when fermentation). 
 (3) The reaction temperature 
Simulate the fermentation temperature of general culture and minority thermopile bacteria [14, 15], 
the controlling reaction temperature is in respectively 30, 40, 50, 60, 70, 80 C. 
 (4) Ventilation 
Simulate fermentation process of anaerobic, with volume 0; simulate fermentation process of aerobic, 
with volume 1L / min . 
 (5) The cooling method at the end of condensation 
Use such as natural air cooling and water cooling two kinds of method of heat pipe cooling to study 
the heat translate process. 
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3. Experimental results and Discussion 
3.1 The non ventilation condition
Non ventilation conditions of the main experimental results are, select the reaction temperature 40 C, 
stirring.Speed is 400R / min reactor fluid temperature distribution on figure 4. 
By the graph 4 available: the process conditions, the temperature gradient is the difference of two 
corresponding conditions to further reduce. Fluids in laminar flow state when the delta Tmax of 0.7 
degrees, 0.22 degrees; turbulent flow: Delta Tmax 0.5 degree, 0.15 C. Three heat pipes in all the above 
conditions are to maintain a good temperature uniformity ( delta TW, max = 0.1 degree ). In the reactor, 
high temperature thermocouple point for 32 points ( R = 70, H = 206 ); low temperature thermocouple 
measuring point is 21 ( R = 10, H = 82 ). Three heat pipes with two heat pipes in the reactor space 
arrangement more symmetrical, heat transfer area larger, more uniform heat transfer. 
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Fig 4   Temperature contour plot at 40 , 400r/min.℃
3.2 The ventilation condition 
 Figure 5 shows: ventilation to further improve the three heat pipe bioreactor performance of heat transfer, 
temperature gradient difference further reduced. Fluids in laminar flow state when the delta Tmax of 0.6 degrees, 
0.23 degrees, the turbulent state of delta Tmax of 0.5 degrees, 0.15 degrees, heat pipe in all the above conditions are 
to maintain a good temperature uniformity ( delta TW, max = 0.1 ). High temperature section is still the H = 206. To 
increase speed and ventilation is still improving three heat pipe bioreactor heat transfer properties of effective 
measures. In the reactor, high temperature thermocouple point for 32 points ( R = 70, H = 206 ); low temperature 
point is still the thermocouple 21 measurement points ( R = 10, H = 82 ). 
4. Conclusion 
The condensing end for air cooling of the three heat pipes, in the heat of reaction is less than 4.4kW / m3, the 
system response is maintained at a temperature below 30 degrees; when the heat of reaction is increased to 9.6kW / 
m3, can maintain the temperature below 40 degrees; when the heat of reaction is increased to 15.5kW / m3 above can 
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control system in 60 above the reaction. In all the above conditions of uniform temperature field, the reactor fluid 
temperature distribution in laminar flow, the delta Tmax of 0.8 degrees, 0.23 degrees; the turbulence when the delta 
Tmax of 0.5 degrees, 0.15 degrees; heat pipe in all the above conditions are to maintain a good temperature 
uniformity ( delta TW, max = 0.1 degrees ). In the reactor, the higher temperature of the point near the free surface 
and the inner wall, low temperature point near the impeller main circulation area. 
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Fig 5 Temperature contour plot at 30℃, 200r/min. 
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